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Since athletic development and functioning are heavily dependent on sufficient
recuperation, sleep in athletes is becoming a topic of increasing interest. Still, existing
scientific evidence points to inadequate sleep in athletes, especially in females. This
may be due to the fact that sleep is vulnerable to disturbances caused by stress
and cognitive and emotional reactions to stress, such as worry and negative affect,
which may exacerbate and prolong the stress response. Such disturbing factors are
frequently experienced by junior athletes aiming for performance development and
rise in the rankings, but may be damaging to athletic progression. Based on limited
research in non-athletic samples, mental resilience may protect individuals against the
detrimental effects of stress on sleep. Therefore, the present study aimed to investigate
the extent to which sex, mental resilience, emotional (negative affect) and cognitive
(worry) reactions to stress, and perceived stress, uniquely contributed to sleep quality
in a cross-sectional study including 632 junior athletes. A multiple hierarchical linear
regression showed that females had poorer sleep quality than males, while the mental
resilience sub-components Social Resources and Structured Style were positively
associated with sleep quality, providing a protective function and thus preventing sleep
quality from deteriorating. Simultaneously, worry, as well as perceived stress, were
negatively associated with sleep quality. Together, the independent variables explained
28% of the variance in sleep quality. A dominance analysis showed that perceived
stress had the largest relative relationship with sleep quality. Based on these results,
close attention should be paid to athletes’ abilities to manage worry and perceived
stress, and the potential of mental resilience as a protective factor that could prevent
sleep from deteriorating. The latter might be especially relevant for female athletes.
Since performance margins are progressively becoming smaller and smaller, every
improvement that adequate sleep can provide will be beneficial in terms of improved
functioning and athletic performance.
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INTRODUCTION
Sleep is essential for the progression toward athletic excellence.
The scheduling, quantity and quality of sleep has been
highlighted as decisive for athletes’ ability to train, improve
performance, prevent injury and recover (Mah et al., 2011;
Simpson et al., 2017). In line with principal physiological and
psychological recovery strategies, sleep is crucial for optimal
functioning of all major systems of the body (Zee et al., 2014).
However, the sleep of aspiring athletes may be far from optimal
(for a review, see Gupta et al., 2017), possibly due to the
heavy psycho-physiological stress loads inherent to athleticism
(Hausswirth et al., 2014).
Indeed, previous research has shown that late evening exercise,
training regimes with inadequate recovery time, excessive
training, as well as long travels across time zones, all detrimentally
effect the sleep and performance of athletes (reviewed in
O’Donnell et al., 2018a). This might in particular be true for
female athletes, who may experience poorer sleep quality than
male athletes (Swinbourne et al., 2016; Hoshikawa et al., 2018).
Previous research has determined that without a balance between
psycho-physiological stress loads and recovery, progression
toward elite sport performance might be at risk (Kellmann
et al., 2018). However, it has to be emphasized that most of the
research on stress loads and recovery in athletes has concerned
physiological stress loads. Factors such as total training load,
endurance training and strength training undoubtedly play a
role in the inadequate sleep of athletes, by inducing longer sleep
latencies, more awakenings, non-refreshing sleep and daytime
fatigue (Gupta et al., 2017). It is striking, however, that despite the
importance of the psychological demands athletes continuously
have to face as they develop their performance, there is a dearth
of research on the role of psychological variables, and how these
relate to sleep quality.
In order to appreciate the role of heightened psycho-
physiological stress loads in athletic recovery, it is necessary
to understand how psychological stress and reactions to stress
influence recuperation in athletic settings. The stress response
is activated when an athlete is faced with an acute stressor.
A cascade of important physiological and behavioral changes is
triggered, mobilizing resources that aid the athlete in overcoming
the stressor (Chrousos and Gold, 1992). Furthermore, upon
the occurrence of the stressor, the athlete immediately engages
in appraisal of situational demands (primary appraisal) and
appraisal of the available resources for coping (secondary
appraisal) with the stressor (Lazarus and Folkman, 1984). This
context-specific appraisal is thought to determine the outcome
of the stress reaction (Blascovich et al., 2001). Importantly, when
athletes perceive that they lack resources to manage the situations
they are up against, a maladaptive stress response may be
triggered (Lazarus, 1974; Reme et al., 2008). Although currently
understudied, appraisals during a maladaptive stress response
are assumed to trigger emotional and cognitive reactions to
stress, which may preserve, extend and exacerbate the stress
response (Brosschot et al., 2006; Leger et al., 2018), contributing
to an imbalance between psycho-physiological stress loads and
recovery in athletes, and thus contributing to poor sleep quality.
The emotional and cognitive reactions to stress which occur
during a maladaptive stress response may take many forms, but
among the commonly occurring are emotional reactions that
involve negative affect (Watson et al., 1988b), and cognitive
reactions such as worrying (Borkovec et al., 1998). Worrying
is thought to encompass repetitive, uncontrollable thoughts
focusing on potential adversities of the future (Roemer and
Borkovec, 1993), while negative affect is the tendency to
experience a broad range of negative mood states, such as
anxiety, fear, hostility, sadness, and loneliness (Watson et al.,
1988a). Indeed, cognitive and emotional reactions to stress have
previously been identified as major contributing factors to sleep
disturbances (Harvey, 2002; Baglioni et al., 2010), likely caused
by difficulties repressing mental activity while attempting to
sleep (Harvey, 2000). Therefore, athletes experiencing negative
cognitive and emotional reactions to stress may be at risk
of disturbed sleep. Previous studies have shown that many
athletes suffer from poor sleep, which among other factors, may
lead to negative stress (Biggins et al., 2018). Few studies have
investigated the directionality between stress and sleep. In one
longitudinal study of PhD students, day-level stress was not
directly related to sleep variables. However, day-level stress was
positively associated with perseverative cognitions (worry) which
were significantly related to impaired sleep (Van Laethem et al.,
2016). In a study of Dutch employees, it was also found that
worry mediated the relationship between stress and sleep, but
the study also found that poor sleep quality was related to an
increase in work-related stress reported over time (Van Laethem
et al., 2015). Other studies have shown that poor sleep predicts
stress levels (Wu et al., 2015) and that stress predicts poor sleep
(Akerstedt et al., 2012). Taken together, these studies attest to a
bi-directionality between stress and sleep that may proceed into
a vicious cycle.
Importantly, not all individuals exposed to stressors
experience disturbed sleep. In fact, some individuals have
the ability to overcome adversity and adapt to new circumstances
in a positive way, despite the triggering event itself being negative
(Fitzpatrick, 2010). This ability is thought to be due to high
mental resilience. Mental resilience is defined as a multifaceted
phenomenon (Cicchetti and Garmezy, 1993), with the capacity
to safeguard against the development of psychopathology in
times of adversity (Hjemdal et al., 2006a). Friborg et al. (2003)
have specified that the concept of mental resilience is “not only
referring to important psychological skills or abilities, but also to
the individual’s ability to use family, social and external support
systems to cope better with stress.” Previous research suggests
that the elite athlete population generally is characterized by
unique resilient competencies (Fletcher and Sarkar, 2012).
In fact, the high-performing elite athlete population is not
passively and randomly exposed to challenges. On the contrary,
athletes actively seek to engage in demanding situations on a
continuous basis, in order to improve their performance level
and boost competitiveness. The capacity to perceive stressors as
opportunities for growth is based on positive appraisals relating
to the psycho-physiological stressors athletes are up against.
Importantly, in individuals who are able to overcome and
adapt to adversity, mental resilience may provide a protective
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function in terms of sleep quality in both adults and adolescents
(Notario-Pacheco et al., 2011; Brand et al., 2016).
The aim of the current study was to implement a psychological
perspective on sleep quality in athletes, by investigating the
extent to which sex, mental resilience, negative affect, worry
and perceived stress, uniquely contribute to sleep quality in
a large sample of junior athletes. This research provides a
conceptual framework for investigating and understanding why
some junior athletes obtain good sleep despite their excessive
exposure to psycho-physiological stress loads. Four hypotheses
were investigated. First, it was hypothesized that females
experience poorer sleep quality than men (H1). Second, it was
hypothesized that mental resilience is positively associated with
sleep quality (H2). Third, it was hypothesized that negative affect
and worry, variables denoting emotional and cognitive reactions
to stress, are negatively associated with sleep quality (H3). Finally,




Participants were recruited from Norwegian high schools
specialized for elite sports. Students at all high schools specialized
for elite sports in Norway were invited to participate. A list
of names and e-mail addresses was obtained via cooperation
between the Center for Elite Sports Research and Olympic
Top Sport Center, a national Norwegian organization that is
part of Norwegian Olympic and Paralympic Committee and
Confederation of Sports, with responsibility for training and
management of elite athletes. A total sample of 1917 athletes were
invited to participate.
Junior athletes comprise athletes up to the age of 20 years.
Norwegian high schools specialized for elite sports, from which
the current sample was drawn, have both elite and non-elite
athlete students. Elite athletes are characterized as athletes who
qualify for national teams, athletes who are members of a
recruiting squad for that team at the time of this study, or athletes
who perform at the highest level in national competitions,
aspiring to become members of the representing national team.
Non-elite athletes denotes athletes competing at the middle or
lower level of national competitions.
Design and Sample Size Estimation
In order to investigate the relationships between sex, resilience,
negative affect, worry, subjective stress, and sleep quality, a
cross-sectional design was utilized. Data was collected at one
specific point in time with the use of a survey emailed to all
participating athletes.
An a priori power analysis, using the G∗Power 3.1.9.4 (Faul
et al., 2009), was performed for sample size estimation for the
regression analysis. Setting the effect size to small/medium (f 2 = –
0.05), alpha to 0.05, power (1 – β) to 0.80, including 9 predictors,
showed that 322 subjects would be needed to detect that R2
significantly deviated from zero.
Ethics Statement
Prior to the start of the study, all participants provided informed
written consent. Since all participants were 16 years or older,
parental consent was not necessary. The Regional Committee for
Medical and Health Research Ethics (REC) in Central Norway
approved the study (document ID 725589).
Instruments
Prior to the beginning of the study, the authors had to decide
on the most appropriate measures. In terms of assessment of
resilience, both a relevant scale for adults (Friborg et al., 2005) as
well as for adolescents (Hjemdal et al., 2006a) has been developed.
As the target sample comprised young adults typically living away
from home, performing on a high level, and not dependent on
their parents in their day-to-day life, and based on advice from
the authors of the two aforementioned scales, it was decided to
use the Resilience Scale for Adults (Friborg et al., 2005).
In terms of sleep measures the value of objective measures
such as polysomnography or actigraphy, is indisputable.
However, due to the relatively large sample size of the present
study, its cross-sectional design, and the limited capacity of the
participants to engage in more comprehensive data collection
procedures, the use of such instruments as well as sleep diaries
kept over time was deemed unsuitable. Therefore, the widely
used, valid and reliable Pittsburgh Sleep Quality Index (Buysse
et al., 1989) was chosen as measurement of sleep quality. Factors
such as mindfulness (Lau et al., 2018) and self-compassion
(Hu et al., 2018), which both may relate to sleep, were not
assessed in the present study as other factors (e.g., resilience)
that may counteract stress, were included. The decision to keep
the questionnaire as short as possible was also based on research
showing an inverse relationship between questionnaire length
and response rate (Galesic and Bosnjak, 2009).
The survey included questions about demographics (age, sex),
type of sport, performance level, motivations and ambitions.
Standard questionnaires included the Resilience Scale for Adults
(RSA), the Positive and Negative Affect Schedule (PANAS), the
Penn State Worry Questionnaire (PSWQ), the Perceived Stress
Scale (PSS), and the Pittsburgh Sleep Quality Index (PSQI). The
survey took approximately 15 to 20 min to complete, and athletes
had 1 month to submit their responses. One reminder was sent to
athletes that did not respond.
Resilience Scale for Adults (RSA)
The RSA (Friborg et al., 2005) is a 33-item comprehensive
measure of protective factors related to mental resilience in
adults; the ability to cope with stress and negative experiences.
Each item is scored on a seven-point Likert scale, ranging from 1
to 7, with varying options based on the context of the question.
The questionnaire taps into six factors, including (1) Perception
of the Self (e.g., “My assessments and decisions,” rated from
1 “I often doubt,” to 7 “I rely fully on”), (2) Planned Future
(e.g., “My goals for the future are,” rated from 1 “Unclear” to
“Well thought-through”), (3) Social Competence (e.g., “Coming
up with good conversation topics is,” rated from 1 “Difficult” to
7 “Easy”), (4) Family Cohesion (e.g., “In my family, we like to,”
rated from 1 “Find activities we can do together” to 7 “Do things
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separately”), (5) Social Resources (e.g., “My close friends/family
members,” rated from 1 “Value my traits” to 7 “Do not like
my traits”), and (6) Structured Style (e.g., “Rules and regular
routines,” rated on 1 “Are missing from my everyday” to 7 “Are
a part of my everyday”). Each of these factors measures different
aspects of resilience (Hjemdal et al., 2006b), thus supporting the
theoretical conceptualization of resilience as a multidimensional
phenomenon (Cicchetti and Garmezy, 1993). Higher scores
indicate stronger resilience. The scale has been shown to be
valid, reliable, stable and satisfactorily operationalized (Friborg
et al., 2003; Hjemdal et al., 2006b). Cronbach’s alphas were
0.79, 0.77, 0.76, 0.79, 0.81, and 0.63 for the aforementioned
subscales, respectively.
The Positive and Negative Affect Schedule (PANAS)
The PANAS (Watson et al., 1988b) consists of two subscales
that measure positive (PA) and negative emotions (NA). Each
of the subscales contains 10 items. The PA scale reflects affects
such as being inspired, strong, and enthusiastic; while the NA
scale contains items reflecting affects such as afraid, distressed,
and hostile. On a Likert scale from 1 (not at all) to 5 (very
much), athletes rated the extent to which they experienced each
specific affect within the last week. The factor structure of the
PANAS has previously been supported in a study among young
athletes (Crocker, 1997). The scale was shown to be reliable, valid
and efficient for the assessment of positive and negative affect
(Watson et al., 1988b) and Cronbach’s alphas in the current study
were 0.87 and 0.86 for PA and NA, respectively.
Penn State Worry Questionnaire (PSWQ)
The PSWQ consists of 16 items investigating the propensity to
engage in worry (e.g., “Many situations make me worry”). Each
item is rated on a five-point Likert scale ranging from 1 (not
at all typical) to 5 (very typical). Higher scores indicate higher
worry. A validated Norwegian version of the PSWQ (Meyer et al.,
1990; Pallesen et al., 2006) that has shown high reliability and
validity, in line with the original PSWQ (Davey, 1993; Molina and
Borkovec, 1994; Pallesen et al., 2006) was used. The Cronbach’s
alpha for the PSWQ in the present study was 0.93.
Perceived Stress Scale (PSS)
The PSS (Cohen et al., 1983) measures self-appraised stress
(e.g., “During the past month, how often have you felt
that you were unable to control the important things in
your life?”) on a 5-point Likert-type scale from 0 (never)
to 4 (very often). More specifically, the PSS measures the
degree to which respondents find their lives unpredictable,
uncontrollable, and overloading (Cohen et al., 1983). The
questions are general in nature and relatively context-free
(Cohen and Williamson, 1988). Higher scores indicate more
stress. The scores may be categorized into three stress levels:
scores 0–13 indicate low stress, scores 14–26 indicate moderate
stress, and scores 27–40 indicate high stress. The Norwegian
version of the PSS, translated by Alfheim et al. (2012) was used.
The PSS has been shown to have acceptable psychometric
properties (Lee, 2012). The Cronbach’s alpha for the PSS
measurement was 0.84.
Pittsburgh Sleep Quality Index (PSQI)
The PSQI (Buysse et al., 1989) is a 19-item questionnaire that
discriminates between good and poor sleepers by measuring
subjective sleep quality and sleep disturbances. The items cover
a broad range of factors associated with sleep quality and
sleep disturbances over the past month, including habitual sleep
patterns (e.g., “How long (in minutes) has it taken you to fall
asleep each night?”), the subjective impact of sleep on daytime
functioning (e.g., “How often have you had trouble staying awake
while driving, eating meals, or engaging in social activity?”),
and the frequency and severity of perceived sleep problems
(e.g., “How often have you had trouble sleeping because you
cough or snore loudly?”). PSQI utilizes a combination of free
entry answers and 4-point Likert scale options. The composite
PSQI score ranges from 0 to 21, and a cutoff of 5 has been
used to categorize participants into good sleepers (≤5) and poor
sleepers (>5) (Buysse et al., 1989). In the present study, the
Norwegian version of PSQI, which has been shown to possess
good psychometric properties, was utilized (Pallesen et al., 2005).
Cronbach’s alpha for the PSQI, when treating each of the
components as items, was 0.74.
Statistical Analyses
Preliminary analyses were conducted to ensure no violation
of the assumption of normality, linearity, multicollinearity and
homoscedasticity (see Supplementary Material). Descriptive
statistics, the first-order partial Spearman correlation coefficient
and two multiple linear regressions were conducted using IBM
SPSS (version 25.0). In addition, an a priori and a post hoc power
analysis were conducted using the G∗Power software package
(Faul et al., 2009).
Composite scores for each of the included questionnaires
and their respective subscales were calculated according to
their relevant scoring manuals. These results are presented
as mean ± SD. Furthermore, the first-order partial
Spearman correlation coefficient was calculated to estimate
the linear relationships between the investigated variables,
controlling for gender.
To investigate the effects of multiple explanatory variables
(predictors) on subjective sleep quality, multiple linear regression
models were applied. The independent variables included sex,
the six components of resilience (Perception of the Self, Planned
Future, Social Competence, Family Cohesion, Social Resources,
and Structured Style), negative affect and worry, and perceived
stress. Due to restricted age range in the sample, age was not
included as a predictor. The outcome variable was the composite
PSQI score determining sleep quality.
Two multiple linear regressions were carried out. In the
first model, all of the predictor variables were entered in
the same step, and the output was examined to see which
of the individual predictors contributed significantly to the
model’s ability to predict subjective sleep quality. In the second
model, only the predictors that were significant at alpha level
of p < 0.05 were entered into a hierarchical multiple linear
regression, in order to identify the unique contribution of
each individual predictor. Variables were entered in a pre-
determined order: sex, as the control variable, was entered in
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Step 1. Since the mental resilience factors are considered to
be stable characteristics, these were entered in the next steps,
in order to identify the unique contribution of each individual
mental resilience factor to sleep quality. Negative affect and
worry were entered in Step 3, and perceived stress in Step 4, as
cognitive and emotional reactions to stress has been suggested
to preserve, extend and exacerbate perceived stress in athletes
(see Figure 1). Statistical significance for all tests was set at alpha
level of p < 0.05.
Finally, since it was expected that a moderate degree of
correlation between some of the predictors tested in the multiple
regression models will be present, dominance analysis was
carried out in order to determine the relative importance of the
individual predictor variables on the dependent variable in this
study. Dominance analysis is based on estimating an R2 value
for all possible subset models, as outlined in Azen and Budescu
(2003). Even though this statistical analysis is especially useful
in instances when not enough evidence is available to establish a
specific theory regarding the importance of predictors (Johnson
and LeBreton, 2004), dominance analysis can also be used in
hierarchical models to confirm or dispute the theory’s predictions
relating to the predictors’ order of input (Azen and Budescu,
2003). The dominance analysis was calculated using the DOMIN
add-on module (Luchman, 2013) in Stata (version 15.0).
RESULTS
Demographics
In all, 1917 athletes were invited to participate in the online
survey of whom 670 completed the survey, providing a response
rate of 34.9%. 38 participants were excluded from the analyses
due to missing values on the PSQI. Therefore, the final sample
included 632 participants. Of these, 50.2% were men, and 49.8%
were women. Mean age was 18 ± 0.9, range 16–20 years. Of all
athletes, 38.6% were defined as elite athletes, while 61.4% were
defined as non-elite athletes. As many as 78.2% of all athletes had
ambitions to become future elite athletes, while 21.8% did not
have this ambition.
Sleep Patterns
Results of the PSQI showed that on average, athletes spent
8:26 ± 0:56 h in bed, achieving 7:46 ± 00:59 h of sleep per night.
On average, athletes fell asleep at 22:32 ± 00:49, woke up at
06:46 ± 00:38, and mean sleep onset latency was 22 ± 17 min. The
FIGURE 1 | The input order of the investigated independent variables into the
regression analysis, with the dependent variable marked in bold.
mean composite PSQI score was 4.9 ± 3.0. Applying the cutoff
value of 5, 69.8% of all athletes were defined as good sleepers,
while 30.2% were poor sleepers.
Correlations and Descriptive Statistics
The investigated variables included the subscales of the RSA
(variables 1–6), negative affect of the PANAS (variable 7), and
the sum scores of the PSWQ (variable 8), PSS (variable 9) and
PSQI (variable 10). Table 1 shows the results of bivariate Pearson
product-moment correlation coefficients of the investigated
variables, as well as statistical means, standard deviations, and
minimum and maximum scores.
Hierarchical Multiple Linear Regression
Two multiple linear regressions were carried out to investigate
the extent to which the independent variables could uniquely
predict subjective sleep quality (see Figure 1 to see the specific
entry order). The first model (results shown in Supplementary
Material) indicated that sex, two RSA subscales (Social Resources
and Structured Style), worry and perceived stress significantly
predicted sleep quality. In the second model, these significant
predictors were each entered in separate blocks to identify the
unique contribution of each individual predictor (see Table 2).
Post hoc Power Calculation
A post hoc power calculation (Faul et al., 2009) for achieved power
(R2 deviated from zero) was also performed. The achieved R2 of
0.28 equals an effect size (f 2) of 0.39 (Cohen, 1988). The alpha
level of 0.05 and N = 632 suggest a power of 1.00.
Dominance Analysis
A dominance analysis was carried out in order to determine
the relative importance of the predictor variables included in
the original multiple linear regression model. The dominance
analysis showed that perceived stress (rank 1) had the largest
relative relationship with sleep quality, followed by worry (rank
2), the mental resilience factor Perception of Self (rank 3),
negative affect (rank 4), the mental resilience factors Structured
Style (rank 5), Social Resources (rank 6), Planned Future (rank
7), Family Cohesion (rank 8), Sex (rank 9) and finally, the mental
resilience factors Social Competence (rank 10). Results of the
dominance analysis are presented in Table 3.
DISCUSSION
The present study aimed to investigate the extent to which sex,
mental resilience, emotional and cognitive reactions to stress, and
perceived stress, uniquely contribute to sleep quality in a large
sample of junior athletes. In support of H1, female sex predicted
worse sleep quality. Partly supporting H2, results showed that
the mental resilience sub-components Social Resources and
Structured Style were positively associated with sleep quality,
providing a protective function and thus preventing sleep quality
from deteriorating. H3 was only partially supported – no
support was found for the role of negative affect, but worry was
negatively associated with sleep quality. Finally, perceived stress
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TABLE 1 | First-order partial correlation coefficients between the investigated variables and descriptive statistics, when controlling for gender, based on cross-sectional
data collected from 632 junior athletes.
Variable 1 2 3 4 5 6 7 8 9 10
1. Perception of Self – 0.60 0.40 0.44 0.51 0.40 −0.39 −0.56 −0.63 −0.35
2. Planned Future – 0.29 0.41 0.46 0.45 −0.32 −0.34 −0.50 −0.29
3. Social Competence – 0.32 0.41 0.22 −0.14 −0.25 −0.25 −0.13
4. Family Cohesion – 0.66 0.34 −0.24 −0.27 −0.38 −0.29
5. Social Resources – 0.37 −0.33 −0.31 −0.44 −0.32
6. Structured Style – −0.20 −0.17 −0.34 −0.28
7. Negative affect – 0.44 0.57 0.35
8. Worry – 0.64 0.37
9. Perceived stress – 0.42
10. Sleep quality –
Mean 4.9 5.2 5.1 5.8 6.1 5.1 22.8 44.8 24.5 4.9
SD 1.2 1.3 1.1 1.0 0.9 1.2 7.2 13.8 7.7 3.0
Minimum 1.0 1.0 1.3 1.3 2.1 1.0 10.0 16.0 4.0 0.0
Maximum 7.0 7.0 7.0 7.0 7.0 7.0 50.0 80.0 52.0 18.0
All Spearman correlations are significant at the 0.00 level. N = 632.
TABLE 2 | Summary of hierarchical multiple regression analysis for variables predicting subjective sleep quality, based on cross-sectional data collected from 632
junior athletes.
B SE B β R2 1R2
Model 1
Sex (♂ = 0, ♀ = 1) 0.84 0.24 0.14∗ 0.02 0.02
Model 2
Sex (♂ = 0, ♀ = 1) 1.03 0.22 0.17∗
Social Resources −1.23 0.13 −0.35∗ 0.14 0.12
Model 3
Sex (♂ = 0, ♀ = 1) 1.22 0.22 0.20∗
Social Resources −0.96 0.13 −0.28∗
Structured Style −0.58 0.10 −0.23∗ 0.19 0.05
Model 4
Sex (♂ = 0, ♀ = 1) 0.63 0.22 0.11∗∗
Social Resources −0.70 0.13 −0.20∗
Structured Style −0.51 0.10 −0.21∗
Worry 0.06 0.01 0.29∗ 0.26 0.07
Model 5
Sex (♂ = 0, ♀ = 1) 0.51 0.22 0.08∗∗∗
Social Resources −0.53 0.14 −0.15∗
Structured Style −0.41 0.10 −0.16∗
Worry 0.04 0.01 0.18∗
Perceived stress 0.08 0.01 0.21∗ 0.28 0.02
∗p < 0.000, ∗∗p < 0.01, ∗∗∗p < 0.05.
was negatively associated with sleep quality, which lend support
to H4. The analyses in the current study revealed noteworthy
results, which will now be discussed in light of existing research.
In line with previous research, the present study showed that
female sex uniquely predicted significant proportions (2.0%) of
the variance in poor sleep quality (Swinbourne et al., 2016;
Hoshikawa et al., 2018). In the study by Hoshikawa et al.
(2018), keeping a regular sleep/wake schedule, not thinking about
troubles in bed, and depressive mood were significant predictors
of poor sleep quality in females. One of the reasons why the
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TABLE 3 | Results from dominance analysis showing dominance statistics and
rank of relationships with sleep quality, based on cross-sectional data collected







Sex 0.01 0.03 9
Perception Of Self 0.03 0.12 3
Planned Future 0.03 0.10 7
Social Competence 0.01 0.02 10
Family Cohesion 0.02 0.01 8
Social Resources 0.03 0.10 6
Structured Style 0.03 0.10 5
Negative affect 0.03 0.11 4
Worry 0.05 0.16 2
Perceived stress 0.06 0.21 1
aRefers to the contribution to prediction based on the squared
semipartial correlation.
female sex may have contributed to poorer sleep quality is that
women in general experience greater prevalence of perceived
stress (Matud, 2004) and worry (Zlomke and Hahn, 2010).
Importantly, research is yet to systematically evaluate sex
differences in the sleep quality of junior athletes, and investigate
the mechanisms at play. It is possible that the menstrual cycles of
female athletes play a role in their perception of sleep and stress.
By including gender in the multiple hierarchical linear regression,
we attempted to control for these effects. However, future studies
should explore the influence of the menstrual cycle on sleep and
perceived stress of female athletes on a day-to-day basis.
In non-athletic adults and adolescents, a positive association
between psychological resilience and sleep quality is found
(Notario-Pacheco et al., 2011; Brand et al., 2016). However,
prior to this study, the unique contribution of the different
sub-components of mental resilience in sleep quality of junior
athletes has been unexplored. In the present study, the mental
resilience sub-components Social Resources and Structured Style
were positively associated with sleep quality. In fact, of all
investigated predictors, the factor Social Resources had the
largest unique contribution to sleep quality in the hierarchical
regression analysis. The social resources available to junior
athletes seem to play an important role in junior athletes’
psychological functioning. Kristiansen and Roberts (2010) have
shown that for junior elite athletes, social support is crucial
when coping with competitive and organizational stressors, and
a supportive coach was found to predict good psychosocial
outcomes, which included the absence of achievement-related
worries (Ommundsen et al., 2006). Another study showed that
the risk of injuries was 70% greater in athletes with high perceived
stress, and that the risk for such injuries was predicted by
having fewer social resources to manage stress (Steffen et al.,
2009). Taken together with the results of the present study,
social resources seem to be crucial in protecting against the
deterioration of sleep quality in times of stress or adversity.
The mental resilience factor Structured Style represents a
measure of personal competence, and refers to the extent an
individual engages in planning and structuring daily routines,
indicating a preference for approaching matters in a structured
way, formulating plans, establishing rules and routines, and
being organized toward goal achievement (Friborg et al., 2005).
Personal competence is thought to be a crucial aspect of a well-
functioning athletic identity, which has now been shown to
protect against the worsening of sleep quality in junior athletes.
It is suggested that one of the ways in which the factor Structured
Style may protect against poor sleep quality is its role in keeping
good sleep hygiene (e.g., regular wake and sleep times, limiting
afternoon napping and exposure to blue light in the evening
hours, avoiding ingestion of caffeine and alcohol, and keeping
a healthy sleep environment) which encompasses behaviors
and practices that promote continuous and effective sleep.
Implementing these routines into the everyday life may be easier
for athletes who have a well-developed personal competence, and
the ability to plan and structure daily routines. Indeed, recent
research has established that in both athletes and non-athletes,
poor sleep hygiene is also associated with poor sleep quality
(Mastin et al., 2006; Knufinke et al., 2018). The factor Structured
Style seems to have a significant resemblance with the trait
Conscientiousness (e.g., being organized and prompt) which has
been shown to be positively associated with good sleep (Duggan
et al., 2014). Hence, the mental resilience factor Structured Style
may protect against poor sleep quality in junior athletes.
Further, it was established that worry, but not negative
affect, uniquely predicted poor sleep quality in the current
sample of junior athletes. In the athletic context, cognitive
reactions to stress have mostly been investigated in relation
to sleep prior to competitions (Juliff et al., 2015). A recent
systematic review (Gupta et al., 2017) on the topic suggested
that one possible mechanism involves difficulties with repressing
cognitive activity while attempting to sleep (Harvey, 2000).
Additionally, the contribution of cognitive reactions to stress in
terms of poor sleep quality, sleep disturbances and insomnia
has previously been well-established in various non-athletic
populations (Harvey, 2002; Kelly, 2002). Importantly, the
dominance analysis identified worry to be the second most
important predictor of sleep quality, preceded only by perceived
stress. One of the possible mechanisms causing these effects may
involve deficient modulation of emotional brain responses to
aversive stimulation by over-reactivity in amygdala implicated in
insufficient sleep (Yoo et al., 2007).
The results in the present study showed that negative affect did
not significantly predict sleep quality. This may possibly be due
to the relatively high correlation coefficients between worry and
negative affect (r = 0.47), although the variance inflation factor
did not indicate any multicollinearity. Alternatively, these results
suggest that sleep quality of junior athletes is more vulnerable
to cognitive reactions to stress, despite earlier research showing
that negative affect relates to the major psycho-physiological
stress loads junior athletes are continuously exposed to Crocker
and Graham (1995) and evidence implicating negative affect in
poor sleep quality (for a review, see Baglioni et al., 2010). It is
not immediately clear why negative affect did not predict sleep
quality in the current study, and future research should further
investigate this relationship.
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Previous research has shown that athletes are exposed to
high psycho-physiological stress loads inherent to athleticism
(Hausswirth et al., 2014), which may have a detrimental effect
on sleep and performance of athletes (O’Donnell et al., 2018b).
In the last step of the multiple hierarchical regression, perceived
stress was identified as a significant predictor of sleep quality.
However, the unique explained variance of perceived stress
was 2%. Dominance analysis was subsequently used to identify
the predictor of highest relative importance in the model, and
showed perceived stress to be the most important. Certain factors
should be kept in mind when interpreting these undoubtedly
important results. The low unique predictive value of perceived
stress is most probably due to the inter-correlations this variable
has with the other predictors in the regression model. Still, the
predictors together explained 28% of the total variance, which is
regarded of moderate strength (Ferguson, 2009).
Importantly, the current findings may potentially extend its
implications onto athletic performance as it has been shown that
psychological distress affects athletic performance by narrowing
athletes’ attention and increasing self-consciousness, injury risk
and contributes to discontinuity or even dropout from training
(Sabato et al., 2016). Future research should investigate this
possibility, and include ecological and temporally relevant
measures of stress, athletic performance and sleep quality.
The hierarchical multiple linear regression model used in this
study identified the female gender, the mental resilience factors
Structured Style and Social Resources, worry and perceived stress
as unique predictors of sleep quality. When interpreting the
results of the current study, it is important to consider the
existing literature showing bidirectionality between sleep quality
and stress (Kahn et al., 2013). Previous research has also shown
that variations in sleep duration also lead to variations in mood
and emotion regulation. Multiple studies have now shown that
sleep of either reduced quality or quantity leads to poorer mood
and impaired emotional regulation (Zohar et al., 2005; Baum
et al., 2014). The role of emotional brain networks and REM
sleep seem to be central in the mechanisms that underlie these
links (for a review, see Kahn et al., 2013). To consider these
complex and bidirectional relationships, which the authors were
not able to address in this study due to the study design, future
research should employ temporal investigations of how cognitive
reactions to stress and perceived stress influence sleep, and vice
versa. Utilizing ecological, day-to-day measurements of these
variables will allow for thorough investigation of the complex
relationships between these variables, for which studies utilizing
cross-sectional research, as the present study, only provide a
starting point. The present study focused on the notion that
negative reactions to stress and perceived stress may worsen
sleep quality, and may represent the starting point for future,
more thorough research into this largely neglected area of
sport psychology.
LIMITATIONS
Regarding the existing literature, the results of the current
study are the first to show the unique predictive value of
female sex, the mental resilience factors Social Resources and
Structured Style, cognitive reactions to stress represented by
worry, and perceived stress, on the sleep quality in a large
sample of junior athletes. The study was sufficiently powered, as
shown by the a priori and the post hoc power analyses. These
findings have important practical and theoretical implications,
still they should be interpreted with some limitations in
mind. First of all, the response rate in the present study
was 34.9%, which poses a risk of potentially producing a
bias due to non-response error, in the gathered data. We
have no demographic or other data for those who did not
participate precluding us from drawing conclusions about non-
participants and a possible sample bias the present study.
However, in developed, high-income countries, response rates
in cross-sectional research utilizing surveys for data collection
have been on a steady decline (reviewed in Rindfuss et al.
(2015), and thus the relatively low response rate seen in the
present study seems to be in line with typical compliance with
survey research today.
Furthermore, the results of the current study are limited
by the study’s cross-sectional design, and the use of self-report
measurements. The cross-sectional design prevents elucidating
directionality or causality between study variables. Thus, future
research should move from cross-sectional designs in order
to address the temporal relationships between the investigated
variables, using sleep diaries or ecological and objective methods
of sleep measurement, such as actigraphy, and longitudinal study
designs. In this way, the bidirectional and/or cyclical nature of
the relationships between stress and sleep could be uncovered in
athletic samples.
Since all variables were assessed at the same point in
time and were self-reported, this poses a risk for the results
to be influenced by the common method bias, implying
inflated relationships between the study variables (Podsakoff
et al., 2003). Lastly, self-report measurements may be
subject to recall bias, or inaccurate perception of the posed
questions. Future research would therefore benefit from
implementing objective measures of stress as well as sleep,
which would eliminate some of the limitations present in
this study. Hence, the present results should be applied to
the population of junior athletes with caution, bearing the
limitations in mind.
CONCLUSION
To conclude, it is important to point out that even though
insufficient sleep quality in athletic populations is well
documented, very little research has been dedicated to
uncovering the reasons for the inability of athletes to obtain sleep
of adequate quality. Based on the results of the present study, it
is clear that close attention should be paid to athletes’ abilities to
manage worry and perceived stress, consequential to the inherent
psycho-physiological stress loads of athleticism, in order to
prevent poor sleep. This might be especially relevant for female
athletes. Not only has poor sleep been firmly implicated in the
decline of various performance parameters, it may also be a sign
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that the athletes may not have the necessary social resources
and sense of personal competence needed to balance their
psycho-physiological stress loads, and ultimately, progress
in their sport. Since performance margins are progressively
becoming smaller and smaller, every improvement that adequate
sleep can provide will be beneficial to the progress in
performance. Therefore, the results presented in this study
concerning how sex, cognitive reactions to stress and perceived
stress are uniquely associated with sleep quality, and how
mental resilience may provide a protective function in this
relationship, is of crucial importance for the arena of athletic
research and practice. For coaches, the association between
athletes’ sleep quality and the psychological variables provide
important knowledge, giving the coaches an option to intervene
or offer support to athletes obtaining insufficient sleep quantity
or quality when necessary. Future research should investigate
the effects of strategies to improve mental resilience in junior
athletes, such as mindfulness, cognitive-behavioral therapy, or
biofeedback training, in order to alleviate the burden of stress and
improve sleep quality.
DATA AVAILABILITY
The datasets generated for this study are available on request to
the corresponding author.
ETHICS STATEMENT
This study was carried out in accordance with the
recommendations of REC, the Regional Committees for Medical
and Health Research Ethics in Norway, with written informed
consent from all subjects. All subjects gave written informed
consent in accordance with the Declaration of Helsinki. The
protocol was approved by REC.
AUTHOR CONTRIBUTIONS
MH and FM contributed to the conception and design of the
study, collected the data, and carried out statistical analyses. MH
wrote the manuscript. FM supervised the data collection and
preparation of the manuscript. SP assisted with statistical analyses
and edited the manuscript. All authors were involved in the
interpretation of the statistical analyses and approved the final
version of the manuscript.
FUNDING
This study was funded by the Centre for Elite Sports
Research, Department of Neuromedicine and Movement
Science, Norwegian University of Science and Technology,
Trondheim, Norway.
ACKNOWLEDGMENTS
The participation of the participants is deeply appreciated.
We thank Professor Øyvind Sandbakk for the proofreading of
this manuscript.
SUPPLEMENTARY MATERIAL




Akerstedt, T., Orsini, N., Petersen, H., Axelsson, J., Lekander, M., and Kecklund, G.
(2012). Predicting sleep quality from stress and prior sleep - a study of day-to-
day covariation across six weeks. Sleep Med. 13, 674–679. doi: 10.1016/j.sleep.
2011.12.013
Alfheim, H. B., Furebotn Høier, S., Henriksen, R., Granerud, E., and Lycke
Christensen, V. (2012). Skjema for Opplevd Stress (PSS-14) [Online].
Available: http://www.psy.cmu.edu/~scohen/PSS_14_Norwegian.pdf (accessed
May 20, 2019).
Azen, R., and Budescu, D. V. (2003). The dominance analysis approach for
comparing predictors in multiple regression. Psychol. Methods 8, 129–148.
doi: 10.1037/1082-989x.8.2.129
Baglioni, C., Spiegelhalder, K., Lombardo, C., and Riemann, D. (2010). Sleep and
emotions: a focus on insomnia. Sleep Med. Rev. 14, 227–238. doi: 10.1016/j.
smrv.2009.10.007
Baum, K. T., Desai, A., Field, J., Miller, L. E., Rausch, J., and Beebe,
D. W. (2014). Sleep restriction worsens mood and emotion regulation
in adolescents. J. Child Psychol. Psychiatry 55, 180–190. doi: 10.1111/jcpp.
12125
Biggins, M., Cahalan, R., Comyns, T., Purtill, H., and O’Sullivan, K. (2018). Poor
sleep is related to lower general health, increased stress and increased confusion
in elite Gaelic athletes. Phys. Sportsmed. 46, 14–20. doi: 10.1080/00913847.2018.
1416258
Blascovich, J., Mendes, W. B., Hunter, S. B., Lickel, B., and Kowai-Bell,
N. (2001). Perceiver threat in social interactions with stigmatized
others. J. Pers. Soc. Psychol. 80, 253–267. doi: 10.1037/0022-3514.
80.2.253
Borkovec, T., Ray, W. J., and Stober, J. (1998). Worry: a cognitive phenomenon
intimately linked to affective, physiological, and interpersonal behavioral
processes. Cognitive Ther. Res. 22, 561–576.
Brand, S., Kalak, N., Gerber, M., Clough, P. J., Lemola, S., Pühse, U., et al.
(2016). During early and mid-adolescence, greater mental toughness is related
to increased sleep quality and quality of life. J. Health Psychol. 21, 905–915.
doi: 10.1177/1359105314542816
Brosschot, J. F., Gerin, W., and Thayer, J. F. (2006). The perseverative cognition
hypothesis: a review of worry, prolonged stress-related physiological activation,
and health. J. Psychosom. Res. 60, 113–124. doi: 10.1016/j.jpsychores.2005.06.
074
Buysse, D. J., Reynolds, C. F. III, Monk, T. H., Berman, S. R., and Kupfer, D. J.
(1989). The Pittsburgh sleep quality Index: a new instrument for psychiatric
practice and research. Psychiatry Res. 28, 193–213. doi: 10.1016/0165-1781(89)
90047-4
Chrousos, G. P., and Gold, P. W. (1992). The concepts of stress and stress
system disorders. Overview of physical and behavioral homeostasis. JAMA 267,
1244–1252. doi: 10.1001/jama.267.9.1244
Cicchetti, D., and Garmezy, N. (1993). Prospects and promises in the study of
resilience. Dev. Psychopathol. 5, 497–502. doi: 10.1073/pnas.1704453114
Frontiers in Psychology | www.frontiersin.org 9 May 2019 | Volume 10 | Article 1256
fpsyg-10-01256 May 30, 2019 Time: 13:20 # 10
Hrozanova et al. Sleep Quality Predictors in Athletes
Cohen, J. (1988). Statistical Power Analysis for the Social Sciences. Cambridge, MA:
Academic Press.
Cohen, S., Kamarck, T., and Mermelstein, R. (1983). A global measure of perceived
stress. J. Health Soc. Behav. 24, 385–396.
Cohen, S., and Williamson, G. (1988). “Perceived stress in a probability sample of
the US,” in The Social Psychology of Health: Claremont Symposium on Applied
Social Psychology, eds S. Spacapam and S. Oskamp (Newbury Park, CA: Sage),
31–67.
Crocker, P. R. (1997). A confirmatory factor analysis of the positive affect negative
affect schedule (PANAS) with a youth sport sample. J. Sport Exerc. Psychol. 19,
91–97. doi: 10.1123/jsep.19.1.91
Crocker, P. R., and Graham, T. R. (1995). Coping by competitive athletes with
performance stress: gender differences and relationships with affect. Sport
Psychol. 9, 325–338. doi: 10.1123/tsp.9.3.325
Davey, G. C. (1993). A comparison of three worry questionnaires. Behav. Res. Ther.
31, 51–56. doi: 10.1016/0005-7967(93)90042-s
Duggan, K. A., Friedman, H. S., McDevitt, E. A., and Mednick, S. C. (2014).
Personality and healthy sleep: the importance of conscientiousness
and neuroticism. PLoS One 9:e90628. doi: 10.1371/journal.pone.
0090628
Faul, F., Erdfelder, E., Buchner, A., and Lang, A. G. (2009). Statistical power
analyses using G∗Power 3.1: tests for correlation and regression analyses. Behav.
Res. Methods 41, 1149–1160. doi: 10.3758/BRM.41.4.1149
Ferguson, C. J. (2009). An effect size primer: a guide for clinicians and researchers.
Profession. Psychol. Res. Prac. 40, 532–538. doi: 10.1037/a0015808
Fitzpatrick, M. (2010). The power of wishful thinking. Br. J. Gen. Pract. 60,
301–301.
Fletcher, D., and Sarkar, M. (2012). A grounded theory of psychological resilience
in Olympic champions. Psychol. Sport Exerc. 13, 669–678. doi: 10.1016/j.
psychsport.2012.04.007
Friborg, O., Barlaug, D., Martinussen, M., Rosenvinge, J. H., and Hjemdal, O.
(2005). Resilience in relation to personality and intelligence. Int. J. Methods
Psychiatr. Res. 14, 29–42. doi: 10.1002/mpr.15
Friborg, O., Hjemdal, O., Rosenvinge, J. H., and Martinussen, M. (2003). A new
rating scale for adult resilience: what are the central protective resources behind
healthy adjustment? Int. J. Methods Psychiatr. Res. 12, 65–76. doi: 10.1002/
mpr.143
Galesic, M., and Bosnjak, M. (2009). Effects of questionnaire length on
participation and indicators of response quality in a web survey. Public Opin.
Q. 73, 349–360. doi: 10.1093/poq/nfp031
Gupta, L., Morgan, K., and Gilchrist, S. (2017). Does elite sport degrade sleep
quality? A systematic review. Sports Med. 47, 1317–1333. doi: 10.1007/s40279-
016-0650-6
Harvey, A. G. (2000). Pre-sleep cognitive activity: a comparison of sleep-
onset insomniacs and good sleepers. Br. J. Clin. Psychol. 39(Pt 3), 275–286.
doi: 10.1348/014466500163284
Harvey, A. G. (2002). A cognitive model of insomnia. Behav. Res. Ther. 40, 869–893.
doi: 10.1016/s0005-7967(01)00061-4
Hausswirth, C., Louis, J., Aubry, A., Bonnet, G., Duffield, R., and Meur, L. E. Y.
(2014). Evidence of disturbed sleep and increased illness in overreached
endurance athletes. Med. Sci. Sports Exerc. 46, 1036–1045. doi: 10.1249/MSS.
0000000000000177
Hjemdal, O., Friborg, O., Stiles, T. C., Martinussen, M., and Rosenvinge, J. H.
(2006a). A new scale for adolescent resilience: grasping the central protective
resources behind healthy development. Meas. Eval. Counsel. Dev. 39, 84–96.
doi: 10.1080/07481756.2006.11909791
Hjemdal, O., Friborg, O., Stiles, T. C., Rosenvinge, J. H., and Martinussen,
M. (2006b). Resilience predicting psychiatric symptoms: a prospective
study of protective factors and their role in adjustment to stressful
life events. Clin. Psychol. Psychother. 13, 194–201. doi: 10.1002/
cpp.488
Hoshikawa, M., Uchida, S., and Hirano, Y. (2018). A Subjective assessment of the
prevalence and factors associated with poor sleep quality amongst elite japanese
athletes. Sports Med. Open 4:10. doi: 10.1186/s40798-018-0122-7
Hu, Y. Q., Wang, Y. Y., Sun, Y. F., Arteta-Garcia, J., and Purol, S. (2018). Diary
study: the protective role of self-compassion on stress-related poor sleep quality.
Mindfulness 9, 1931–1940. doi: 10.1007/s12671-018-0939-7
Johnson, J. W., and LeBreton, J. M. (2004). History and use of relative
importance indices in organizational research. Organ. Res. Methods 7, 238–257.
doi: 10.1177/1094428104266510
Juliff, L. E., Halson, S. L., and Peiffer, J. J. (2015). Understanding sleep disturbance
in athletes prior to important competitions. J. Sci. Med. Sport 18, 13–18.
doi: 10.1016/j.jsams.2014.02.007
Kahn, M., Sheppes, G., and Sadeh, A. (2013). Sleep and emotions: bidirectional
links and underlying mechanisms. Int. J. Psychophysiol. 89, 218–228.
doi: 10.1016/j.ijpsycho.2013.05.010
Kellmann, M., Bertollo, M., Bosquet, L., Brink, M., Coutts, A. J., Duffield, R., et al.
(2018). Recovery and performance in sport: consensus statement. Int. J. Sports
Physiol. Perform. 13, 240–245. doi: 10.1123/ijspp.2017-0759
Kelly, W. E. (2002). Worry and sleep length revisited: worry, sleep length, and sleep
disturbance ascribed to worry. J. Genet. Psychol. 163, 296–304. doi: 10.1080/
00221320209598685
Knufinke, M., Nieuwenhuys, A., Geurts, S. A. E., Coenen, A. M. L., and Kompier,
M. A. J. (2018). Self-reported sleep quantity, quality and sleep hygiene in elite
athletes. J. Sleep Res. 27, 78–85. doi: 10.1111/jsr.12509
Kristiansen, E., and Roberts, G. (2010). Young elite athletes and social support:
coping with competitive and organizational stress in “Olympic” competition.
Scand. J. Med. Sci. Sports 20, 686–695. doi: 10.1111/j.1600-0838.2009.00950.x
Lau, W. K. W., Leung, M. K., Wing, Y. K., and Lee, T. M. C. (2018). Potential
mechanisms of mindfulness in improving sleep and distress. Mindfulness 9,
547–555. doi: 10.1007/s12671-017-0796-9
Lazarus, R. S. (1974). Psychological stress and coping in adaptation and illness. Int.
J. Psychiatry Med. 5, 321–333. doi: 10.2190/T43T-84P3-QDUR-7RTP
Lazarus, R. S., and Folkman, S. (1984). Stress, Appraisal, and Coping. Salmon Tower
Building, NY: Springer publishing company.
Lee, E. H. (2012). Review of the psychometric evidence of the perceived stress scale.
Asian Nurs. Res. 6, 121–127. doi: 10.1016/j.anr.2012.08.004
Leger, K. A., Charles, S. T., and Almeida, D. M. (2018). Let it go: lingering negative
affect in response to daily stressors is associated with physical health years later.
Psychol. Sci. 29, 1283–1290. doi: 10.1177/0956797618763097
Luchman, J. N. (2013). DOMIN: Stata Module to Conduct Dominance Analysis.
Boston: College Department of Economics.
Mah, C. D., Mah, K. E., Kezirian, E. J., and Dement, W. C. (2011). The effects
of sleep extension on the athletic performance of collegiate basketball players.
Sleep 34, 943–950. doi: 10.5665/SLEEP.1132
Mastin, D. F., Bryson, J., and Corwyn, R. (2006). Assessment of sleep hygiene using
the sleep hygiene index. J. Behav. Med. 29, 223–227. doi: 10.1007/s10865-006-
9047-6
Matud, M. P. (2004). Gender differences in stress and coping styles. Personal.
Individ. Differ. 37, 1401–1415. doi: 10.1016/j.paid.2004.01.010
Meyer, T. J., Miller, M. L., Metzger, R. L., and Borkovec, T. D. (1990). Development
and validation of the Penn state worry questionnaire. Behav. Res. Ther. 28,
487–495. doi: 10.1016/0005-7967(90)90135-6
Molina, S., and Borkovec, T. D. (1994). “The Penn State Worry Questionnaire:
psychometric properties and associated characteristics,” in Worrying:
Perspectives on theory, assessment and treatment, eds G. C. L. Davey and
F. Tallis (Oxford: John Wiley & Sons), 265–283.
Notario-Pacheco, B., Solera-Martínez, M., Serrano-Parra, M. D., Bartolomé-
Gutiérrez, R., García-Campayo, J., and Martínez-Vizcaíno, V. (2011). Reliability
and validity of the Spanish version of the 10-item connor-davidson resilience
scale (10-item CD-RISC) in young adults. Health Qual. Life Outcomes 9, 63.
doi: 10.1186/1477-7525-9-63
O’Donnell, S., Beaven, C. M., and Driller, M. W. (2018a). From pillow to podium:
a review on understanding sleep for elite athletes. Nat. Sci. Sleep 10, 243–253.
doi: 10.2147/NSS.S158598
O’Donnell, S., Bird, S., Jacobson, G., and Driller, M. (2018b). Sleep and stress
hormone responses to training and competition in elite female athletes. Eur.
J. Sport Sci. 18, 611–618. doi: 10.1080/17461391.2018.1439535
Ommundsen, Y., Roberts, G. C., Lemyre, P. N., and Miller, B. W. (2006). Parental
and coach support or pressure on psychosocial outcomes of pediatric athletes
in soccer. Clin. J. Sport Med. 16, 522–526. doi: 10.1097/01.jsm.0000248845.
39498.56
Pallesen, S., Nordhus, I. H., Carlstedt, B., Thayer, J. F., and Johnsen, T. B. (2006). A
Norwegian adaptation of the Penn State Worry Questionnaire: factor structure,
Frontiers in Psychology | www.frontiersin.org 10 May 2019 | Volume 10 | Article 1256
fpsyg-10-01256 May 30, 2019 Time: 13:20 # 11
Hrozanova et al. Sleep Quality Predictors in Athletes
reliability, validity and norms. Scand. J. Psychol. 47, 281–291. doi: 10.1111/j.
1467-9450.2006.00518.x
Pallesen, S., Nordhus, I. H., Omvik, S., Sivertsen, B., Matthiesen, S. B., and Bjorvatn,
B. (2005). Pittsburgh sleep quality index. Tidsskrift-Norsk Psykologforening
42, 714.
Podsakoff, P. M., MacKenzie, S. B., Lee, J. Y., and Podsakoff, N. P. (2003). Common
method biases in behavioral research: a critical review of the literature and
recommended remedies. J. Appl. Psychol. 88, 879–903. doi: 10.1037/0021-9010.
88.5.879
Reme, S. E., Eriksen, H. R., and Ursin, H. (2008). Cognitive activation theory of
stress–How are individual experiences mediated into biological systems? Scand.
J. Work Environ. Health 34:177.
Rindfuss, R. R., Choe, M. K., Tsuya, N. O., Bumpass, L. L., and Tamaki, E. (2015).
Do low survey response rates bias results? Evidence from Japan. Demogr. Res.
32:797. doi: 10.5271/sjweh.3698
Roemer, L., and Borkovec, T. D. (1993). “Worry: Unwanted cognitive activity that
controls unwanted somatic experience,” in Handbook of mental control, eds
D. M. Wegner and J. W. Pennebaker (Englewood Cliffs, NJ: Prentice-Hall, Inc),
220–238.
Sabato, T. M., Walch, T. J., and Caine, D. J. (2016). The elite young athlete:
strategies to ensure physical and emotional health. Open Access J. Sports Med. 7,
99–113. doi: 10.2147/OAJSM.S96821
Simpson, N. S., Gibbs, E. L., and Matheson, G. O. (2017). Optimizing
sleep to maximize performance: implications and recommendations for
elite athletes. Scand. J. Med. Sci. Sports 27, 266–274. doi: 10.1111/sms.
12703
Steffen, K., Pensgaard, A., and Bahr, R. (2009). Self-reported psychological
characteristics as risk factors for injuries in female youth football.
Scand. J. Med. Sci. Sports 19, 442–451. doi: 10.1111/j.1600-0838.2008.
00797.x
Swinbourne, R., Gill, N., Vaile, J., and Smart, D. (2016). Prevalence of
poor sleep quality, sleepiness and obstructive sleep apnoea risk factors
in athletes. Eur. J. Sport Sci. 16, 850–858. doi: 10.1080/17461391.2015.
1120781
Van Laethem, M., Beckers, D. C. J., Kompier, M. A. J., Kecklund, G., den Bossche,
S. N. J., and Geurts, S. A. E. (2015). Bidirectional relations between work-
related stress, sleep quality and perseverative cognition. J. Psychosomat. Res. 79,
391–398. doi: 10.1016/j.jpsychores.2015.08.011
Van Laethem, M., Beckers, D. G. J., van Hooff, M. L. M., Dijksterhuis, A., and
Geurts, S. A. E. (2016). Day-to-day relations between stress and sleep and the
mediating role of perseverative cognition. Sleep Med. 23, 71–79. doi: 10.1016/j.
sleep.2016.06.020
Watson, D., Clark, L. A., and Carey, G. (1988a). Positive and negative affectivity
and their relation to anxiety and depressive disorders. J. Abnorm. Psychol. 97,
346–353. doi: 10.1037//0021-843x.97.3.346
Watson, D., Clark, L. A., and Tellegen, A. (1988b). Development and validation of
brief measures of positive and negative affect - the Panas Scales. J. Personal. Soc.
Psychol. 54, 1063–1070. doi: 10.1037/0022-3514.54.6.1063
Wu, Z. H., Stevens, R. G., Tennen, H., North, C. S., Grady, J. J., and Holzer,
C. (2015). Sleep quality among low-income young women in southeast
texas predicts changes in perceived stress through Hurricane Ike. Sleep 38,
1121–1128. doi: 10.5665/sleep.4826
Yoo, S.-S., Gujar, N., Hu, P., Jolesz, F. A., and Walker, M. P. (2007). The human
emotional brain without sleep—a prefrontal amygdala disconnect. Curr. Biol.
17, R877–R878.
Zee, P. C., Badr, M. S., Kushida, C., Mullington, J. M., Pack, A. I., Parthasarathy, S.,
et al. (2014). Strategic opportunities in sleep and circadian research: report of
the joint task force of the sleep research society and american academy of sleep
medicine. Sleep 37, 219–227. doi: 10.5665/sleep.3384
Zlomke, K. R., and Hahn, K. S. (2010). Cognitive emotion regulation strategies:
gender differences and associations to worry. Personal. Individ. Differ. 48,
408–413. doi: 10.1016/j.paid.2009.11.007
Zohar, D., Tzischinsky, O., Epstein, R., and Lavie, P. (2005). The effects of sleep loss
on medical residents’ emotional reactions to work events: a cognitive-energy
model. Sleep 28, 47–54. doi: 10.1093/sleep/28.1.47
Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
Copyright © 2019 Hrozanova, Moen and Pallesen. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
Frontiers in Psychology | www.frontiersin.org 11 May 2019 | Volume 10 | Article 1256
